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Permanent canines are thought to play a pivotal role in obtaining an ideal occlusion.  Dentists occa-
sionally encounter patients who lack canines and are therefore missing a key to harmonious guidance 
during functional mandibular excursions.  This case report describes the substitution of maxillary ﬁrst 
premolars for congenitally missing canines in the context of an orthodontic treatment plan.  A boy,  
age 10 years and 11 months,  with a chief complaint of crooked teeth was diagnosed with Class II divi-
sion 2 malocclusion associated with a high mandibular plane angle and deep overbite.  A stable occlu-
sion with a satisfactory facial proﬁle and functional excursions without interference were achieved 
after a comprehensive two-stage orthodontic treatment process.  The resulting occlusion and satisfac-
tory facial proﬁle were maintained for 12 months.  These results indicate that substituting the ﬁrst 
premolars for the canines is an eﬀective option in treating patients with missing canines while main-
taining functional goals.
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D ue to their shape and position in the dental arch,  the permanent canines are crucial to both 
functional occlusion and the dentofacial aesthetics 
﹇1︲3﹈.  Canines also play an important role in provid-
ing guidance and achieving the occlusal scheme known 
as mutually protected occlusion ﹇4︲6﹈ due to their 
larger root surface areas,  better crown-root ratio,  and 
greater capacity to tolerate high occlusal forces com-
pared with other teeth ﹇7﹈.  However,  dentists some-
times encounter situations in which canines require 
extraction for reasons related to severe malposition,  
ankylosis,  impaction or congenital defects.  
　 In cases of missing canines,  appropriate occlusal 
rehabilitation demands special consideration due to the 
complexity of treatment.  Orthodontic space closure is 
a possible treatment option for achieving better peri-
odontal health in such cases ﹇8﹈.  While there are 
reports of comprehensive orthodontic treatment for 
congenitally-missing canines ﹇9,  10﹈,  no previous studies 
have described the clinical assessment of stomatog-
nathic function.
　 The present report describes the successful orth-
odontic treatment of a young patient with a skeletal 
Class II division 2 malocclusion associated with con-
genitally missing maxillary permanent canines.  The 
patientʼs stomatognathic function,  condylar motion and 
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jaw movement were evaluated to assess the usefulness 
of substitution for absent canines in terms of maintain-
ing gnathologic principles.
Case Report
　 A boy 10 years and 11 months of age visited the 
outpatient dental clinic of Okayama University 
Hospital with a chief complaint of crooked teeth 
(Fig.  1A).  An excessive overjet of 5.0mm with Angle 
Class II molar relationships on both sides and a deep 
overbite of 6.0mm were observed.  The upper decidu-
ous canines were peg-shaped,  and an anterior cross-
bite was present in both canines.  The absence of the 
maxillary permanent canines was conﬁrmed on a pan-
oramic radiograph (Fig.  2A).  
　 In comparison with Japanese norms ﹇11﹈,  the 
cephalometric analysis of the patient showed a skeletal 
Class II jaw relationship due to the relatively retruded 
position of the mandible (ANB,  7.5°; SNA,  75.5°;  
SNB,  68.0°) and a high mandibular plane angle (Mp-
SN,  48.0°) (Fig.  3A,  Fig.  4A).  The maxillary and 
mandibular incisor angles were within the normal 
ranges (U1︲SN,  88.5°; L1︲Mp,  93.0°),  although 
extruded (L1/Mp,  46.5mm; U1/PP,  32.5mm).  In 
addition,  the patientʼs lower facial ratio was slightly 
small (N-Me,  124.4mm; Me/PP,  64.7mm),  and the 
upper and lower lips protruded relative to the aes-
thetic E-line (upper,  5.0mm; lower,  5.5mm).
　 Based on these ﬁndings,  the patient was diagnosed 
with skeletal Class II,  Angle Class II malocclusion,  
with a high mandibular plane angle,  a deep overbite 
and congenitally missing maxillary canines.  The phase 
1 treatment aimed to correct deep overbite,  reduce the 
mandibular anterior crowding and prevent downward 
and backward rotation of the mandible.  The phase 2 
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Fig. 1　 Facial and intraoral photographs.  A,  Pretreatment; B,  End of the phase 1 treatment; C,  Posttreatment.
Fig. 2　 Panoramic radiograph.  A,  Pretreatment; B,  End of the phase 1 treatment; C,  Posttreatment.
treatment aimed to camouﬂage the antero-posterior 
skeletal discrepancy,  improve the facial aesthetics,  
correct the dental midline and create a functional and 
aesthetic occlusion by retracting the maxillary incisors 
into the spaces created by the extraction of the maxil-
lary deciduous canines.  
　 A bite-plate with posterior occlusal capping and a 
2×4 appliance were used to improve the patientʼs 
deep overbite for 10 months.  A lower lingual arch was 
also employed in order to take advantage of the leeway 
space and to reduce incisor crowding.  The total treat-
ment period for phase 1 treatment was 22 months,  and 
dentofacial growth was observed for 24 months.  After 
the conclusion of phase 1 treatment,  the patient con-
tinued to exhibit a skeletal Class II and Angle Class II 
malocclusion with a scissor-bite of both second molars 
and a cross-bite in the maxillary deciduous and lower 
canines (Fig.  1B).  Cephalometric superimposition 
showed signiﬁcant growth of the maxilla and mandible 
in a slightly forward and mostly downward direction 
consistent with the patientʼs vertical facial pattern of 
growth (Fig.  3D).  The mandibular plane angle was 
reduced in an upward and forward direction by 
5.5° (Fig.  4).  A slight intrusion of the anterior teeth 
was observed compared to the vertical growth of the 
upper and lower jaws.  The phase 2 treatment lasted 
44 months.  After the removal of all appliances,  a 
palatal ﬁxed retainer combined with a wrap around-
type retainer was placed in the upper arch,  and a 
canine-to-canine lingual bonded retainer in the lower 
arch.
　 Orthodontic treatment improved the patientʼs skel-
etal discrepancy and occlusal relationships.  The 
posttreatment facial photographs showed slight for-
ward movement of the mandibular position and 
improvements in the upper and lower lip protrusion 
(Fig.  1C).  The extraction spaces created by the 
deciduous maxillary canines were closed via mesial 
movement of the upper buccal teeth and palatal incli-
nation of the incisors.  The maxillary incisors were 
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Fig. 3　 Cephalometric radiograph.  A,  Pretreatment; B,  End of the phase 1 treatment; C,  Posttreatment; D,  Superimposed cephalo-
metric tracings show changes from pretreatment to posttreatment stages.
Table 1　 Three-dimensional linear measurements of the jaw border movements
Variables
Condylar path length Lower incisor path length
Japanese 
norms 
(Adult male)
S.D. Phase 2Pretreatment
Phase 2
Posttreatment
Japanese 
norms 
(Adult male)
S.D. Phase 2Pretreatment
Phase 2
Posttreatment
Maximum jaw open-
ing (mm) 19.2 2.62 R : 9.14/L : 9.30 R : 12.29/L : 11.34 49.84 5.13 33.93 41.2
Maximum jaw pro-
trusion (mm)  9.4 3.44 R : 8.13/L : 5.35 R : 9.53/L : 7.68 10.90 1.46  7.1  8.3
Maximum jaw lat-
erotrusion (mm) 10.0 2.23 R : 7.57/L : 3.65 R : 9.33/L : 8.63 10.76 2.48 R : 3.68/L : 7.31 R : 7.58/L : 8.18
60 Acta Med.  Okayama　Vol.  70,  No.  1Sumiyoshi et al.
A B
Fig. 4　 Summary of the cephalometric ﬁndings.  A,  Cephalometric ﬁndings; B,  Porigon graph.  The black line indicates the Phase 1 
pretreatment phase,  the blue lines indicate the Phase 2 Pretreatment phase,  and the red line indicates the Phase 2 Posttreatment phase.
Fig. 5　 Condylar movement and incisal paths recorded using a jaw movement recording system with six degrees of freedom.  The red 
lines indicate the opening phase,  and the blue lines indicate the closing phase.  A,  Phase 2 pretreatment; B,  Posttreatment.  Bar: 5mm.
palatally inclined by 4.0° and intruded by 0.5mm 
(Fig.  4).
　 In an evaluation of the patientʼs movement using a 
jaw movement recording system with 6 degrees of 
freedom (Gnathohexagraph system Ver.  1.31; Ono 
Sokki Ltd.,  Kanagawa,  Japan) ﹇12︲14﹈,  the condylar 
head movement during protrusive and lateral excursion 
was stable with a good locus (Fig.  5,  Table 1).  
Posttreatment functional assessments including occlu-
sal force,  occlusal contact area,  and electromyo-
graphic recording showed no marked changes (data not 
shown).  A posttreatment panoramic radiograph con-
ﬁrmed the good root parallelism without obvious root 
resorption (Fig.  2C).  A posttreatment cephalometric 
analysis showed a reduction in the ANB angle of 
1.5° resulting from relatively greater forward and 
downward growth of the mandible compared with that 
of the maxilla.  In addition,  the occlusal plane angle 
was reduced by 2.5°,  while the FMA angle was main-
tained (Fig.  3C,  Fig.  4).  Both the occlusion and 
facial aesthetics were maintained within acceptable 
levels over the 12︲month postretention period.
Discussion
　 Treatment planning in patients with bilateral con-
genitally missing maxillary canines is challenging,  as 
canines play important roles in aesthetics and a func-
tioning occlusion.  Previous studies have debated the 
criteria for functional occlusion; however,  because 
there is no single predominant type of functional 
occlusion,  there is no evidence-based body of litera-
ture to support these diﬀerent approaches ﹇15,  16﹈.  
In order to obtain successful dentofacial aesthetics and 
a functional outcome,  several issues must ﬁrst be 
addressed,  including the type of malocclusion,  the 
tooth size and shape,  the surrounding periodontal 
tissue and the patientʼs age,  medical history and moti-
vation for seeking treatment ﹇17,  18﹈.  The major 
advantage of orthodontic space closure and ﬁrst pre-
molar substitution for missing canines is the stability 
of the ﬁnal result.  In addition,  Zachrisson reported 
that orthodontic space closure produced better results 
than prosthetic replacement,  and promoted periodon-
tal health without inﬂuencing the temporomandibular 
joint function ﹇19﹈.  Orthodontic space closure was the 
most preferable option in the present case,  consider-
ing the patientʼs skeletal Class II malocclusion and 
increased overjet and overbite.  
　 The applicability of orthodontic space closure for 
missing upper canines is comparable to the applicabil-
ity of space closure for the missing upper lateral 
incisors.  To optimize functionality in the present case,  
individualized extrusion,  mesial rotation,  and crown 
lingual torque of the upper ﬁrst premolars were 
accentuated to eliminate occlusal interference and 
imitate canine prominence ﹇14,  20﹈.  Lateral and 
protrusive excursion without interference is an impor-
tant factor in achieving a functionally stable occlusion.  
The present patientʼs condylar movement and incisal 
pathway of protrusive and lateral excursion were 
improved after orthodontic treatment (Fig.  5).  
Gnathological results comparing the three-dimensional 
(anterior,  lateral,  and inferior) linear measurements 
of the jaw border movements conﬁrmed that the move-
ment ranges of the lower incisor and condylar paths 
showed an increased movement at the maximum jaw 
opening after treatment.  Additionally,  the maximum 
jaw laterotrusion showed a more symmetrical appear-
ance (Table 1).  These changes are consistent with 
previous results that compared the chewing patterns 
present in deep overbite malocclusions before and after 
orthodontic treatment ﹇21﹈.  Additionally,  the 
observed functional improvements could be explained 
by the correction of the canine and second molar 
scissor-bites.  
　 To the best of our knowledge,  this is the ﬁrst 
report of a quantitative evaluation of a functional 
assessment obtained after the treatment of a patient by 
the substitution of the missing upper canines.  The 
short-term measurements for functional issues were 
acceptable; however,  the long-term measurements 
require further investigation.  With these limitations 
in mind,  we conclude that additional studies are 
needed,  as the long-term functionality of a premolar in 
place of a canine has yet to be determined.  The long-
term periodontal health also requires further consid-
eration due to the stress placed on the substituted 
maxillary ﬁrst premolars ﹇8﹈.  
Conclusion
　 In the present case report,  a high mandibular plane 
angle skeletal Class II circumpubertal patient with a 
Class II division 2 malocclusion with congenitally 
missing maxillary canines was treated with orthodon-
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tic space closure.  The ﬁndings show that substitution 
of the ﬁrst premolars for the canines is eﬀective in 
attaining a functional occlusion.
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